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Abstract 

We point out that time dependent study of four decay modes B°(t) — > DK$, B°(t) — ► DKs 
W(t) -» DK S , and W(t) -> DK S allows us to measure sin(0i — $2) - contrary to previously 
obtained result that it measures sin(20i + ^3). The time dependent study of B®(t) — ► DfK^ 1 , 
and the study of B~ — » K~(D, D) — > if - / decay where I? — > / is a doubly Cabibbo suppressed 
decay yield information on ^3, as previusly expected. 



1. Introduction 

Large CP violation in 5° — > V-^S has been observed by Babar and BelleQ Clean measure- 
ment of 4>x has been made. This is the first step toward a serious test of the standard model 
of CP violation. The statistical and systematic errors are large but this will improve in due 
time. New CDF measurments are around the corner. LHCB and BTeV is also comming up. 
Exciting program for CP violation study is on its way. What is next? We would like to test the 
unitarity relation <\>\ + + <p3 = 71 '• How do we measure 02? For many years, CP asymmetry in 
B° — > -kit was thought to be the way to measure fa. The existence of penguin amplitudes which 
prohibit a theoretically clean measurement was overcomed by the isospin analysis. But, recent 
indicationB that Br(B° — > tt°tt°) ~ 2 x 10~ 7 , and the background associated with tt° detection 
makes it very difficult to extract <p2 from the isospin analysis. 

A Dalitz plot analysis of B — > pir — > 3tt has been proposed^. While we expect B — > 3ir to 
be dominated by B — > pn which is a pure CP eigenstate, there is some oposite CP admixture 
under the p band in the Dalitz plot. Further study of the Dalitz plot is necessary to see if this 



technique can be used to extract 02 without theoretical ambiguity. 

2. Determination of 02 from B°, B° — > DK$ Decay 

Here we ask if there is a practical way to determine 02 in a theoretically clean way. We 
point out that sin(^ 1 — 2 ) can be determined without theoretical ambiguity by studying two 
time dependent asymetries: 

r(g°(t) -> ggg) - r(g°(t) -> £>ir s ) 
r(S°(t) -» dk 5 ) + r(s°(t) -» 
r(g°(t) -> Zjgs) - r(i? (t) -> Xjgg) 

r(5°(t) -> DK S ) + r(fl°(t) -» £iT s ) ' 

Here, in addition to 5 U -> L>K 5 , we can also use B° -> -> DK s tt°, and 5° -> D°*Ks- 

In the literatureS, it is stated that this asymmetry measures sin(20i + 03) which of cause 
is identical to — sin(0i — fo) if we assume unitarity, 01 + 02 + 03 = ^- Another often made 
statement is that arg(V* fe V n rfV^V^ d ) = 0i + 03- The correct statement is that it is related to 
02 as given in Eq. (||). One should remember not to use equalities which depend on a paticular 
phase convention, for example, arg(V* fc V u d) = 03 or argCV^V^) = 0i. In the first round of 
theoretical analysis, we were mainly interested in identifing all possible CP asymmetries, and 
we did not excercise sufficient care in deriving the expression for CP asymmetry independent 
of the unitarity. The unitarity constaint, which we want to test, has crept into derivations. 

To avoid using unitarity relation which we want to test, it is useful to express all physical 
observables in a rephasing invarint way, and write the asymmetries in terms of 0i, 2 , 03 using 
the definitions: 
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Figure 1: The unitarity triangle in the complex plane. 

The CP asymmetry for 5° — > ipK$ is theoretically clean at the level where we neglect 
0(sin 2 # c ) terms. Here 9 C is the Cabibbo angle. This comes from the fact that, for B° — > 
tpKs decay, the tree graph, which is proportional to V c f,V* s , and the penguin graph, which is 
proportional to V t foVj s , have the same phase if we neglect terms proportional to V U ;,V* S . The 
latter neglected term is down by C(sin 2 9 C ) compared to the former. 



The 2x2 submatricies of the KM matrix are known to be approximately unitary: 



v; d v us - 

v* v cfe - 



-v: d v cs 

-V V* 

v us v CS 

-v,* s v t6 . 



(5) 



These relations have been varified experimentally to within 6%, .1%, 3%, respectively, relative 
to terms that are kept!. So, since we are making statments that are accurate to order sin 8 C , 
we are free to use these relations to test the unitarity relation: 



VuV* ud + v ts v; s + v tb v* ub = o 

Now, let us discuss B°(t) -> DK S , B°(t) -» DK S , B°(t) 
decays. Defining \K$) state as 

\K S ) = PK \K°) + q K \K°) 
and using CP symmetry of strong interaction, we obtain 



(6) 

DK S , and B°(t) DK S 

(7) 
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= e* 5 -V cb V* us A-q* K 
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-* DKs) 


= e iS +V ub V* cs A+q* K 




A(B - 


*DK S ) 


= e i5 -V* cb V us A- P * K 




A(B - 


^DK S ) 


= e iS +VZ b V ca A ¥ p* K , 


(8) 



where 5± are stong phases, A± are the magnitudes of the matrix elements. 

Note that \A(B — ► DK$)\ = — ► DK$)\ obviously does not hold as an identity. Setting 
Ar^ = 0, for simplicity, we find 



T(B(t)->DK s ) cx \A(DK S 



1 + \p(DK s ) 



+(1 - \p(DK s )r)cosAM B t - 21m —p(DK s ) smAM B t 



<lB- t 



T(B{t)^DK s ) oc \A{DK S )\ 2 



7w M2 



1 + Ippi^s 



+(1 - |p(Z?K s )| z )cosAAf B t - 21m —p(DK s ) smAM B t 



PB 
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T(B(t)->DK s ) oc \A(DK S )\ 2 



l + |p(Z^ 5 )| 2 



+ (1 - \p{DK s )\ )cosAM B t - 21m —p(DK s ) s\nAM B t 



V{B(t) -> Di^) oc |A(Difs) 



1 + 



+ (1 - \p{DK s )\' 2 )cosAM B t - 21m ( —p(DK s ) ) sinAM s i 



Using 



QBq K 



v td v* 6 v cs v* d 



(9) 



we obtain: 



—p(DKs) 
Pb 



V rh Vt e V td V* tb V cs V* d A 



PB 



-p(DK s 



v; fc v cs V* td V tb V* cs V cd A + 

-8 + ) VuftV^ VtdVjb VcsV* cd A+ 



Note that this is rephasing invariant. Using Eq. (||), we obtain: 



v cb v* s v td v$ b v cs v* cd _ v cb v c * d v td v* tb 



v^v cs v*,v t6 v^v cd 



v; 6 v ud v* d v«, 



and using Eq. (||): 



p(DKs) 



—P(DK S ) 
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where 
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A + TZ 
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(ii) 



(12) 



(13) 



(14) 



V*,V j 

v cb v cc( 

Measurementing the coefficients of cosAM^t, we can determine j^-TZ. The the coefficient of 
sin AMst gives sin(0i — fa). 



3. Determination of fa with B K D decays 

It is useful to reanalize the other well known methods to determine fa. Measurements of 
Br(B~ -► K-(D°,D°) if-/, the doubly Cabibbo suppressed decay Br(D° -» /), Br(5° -» 
/), Br(B~ — > K~D°), and Br(B~ — > K~D ) allow us to determine 7 <fo. Consider 

B~ ^ K- (D G ,D®) ^ R- f (15) 

Write 

.4 = -» D°K-)A{D° -» /) 

7 = -> D°K-)A(D° -» /) (16) 

where these amplitudes represent strong interaction part and the KM factors are taken out. 

-> K-(D°,D°) -» /K-) = [|^|e w Vc6V^V M V^ + p|e% nfe V^V; d V cs ] (17) 

Here 5 and <5 are strong interaction phases for decays involving D and -D intermediate particles, 
respectively. It should be noted that by choosing the doubly Cabibbo suppressed decay of D 
meson, and that B~ — > K~D is color suppressed, the two terms on the right hand side have 
approximately equal magnitude. 



Figure 2: A x = \A(B~ -> K-(D°,D°) -> K~/)|, A 2 = -> D°K-)A(D° -> /)| and 

A3 = [A(.B~ — > D°ET~)^4(Z) — > /)| form a triangle. The angle at the top of the triangle 
4> = —4>3 + 8 — 8. The analysis of the charge conjugate modes give </> = —^3 — 5 + 5. Thus 03 
can be determined, decay. 



The relative phase of these amplitudes is given by 

A(B~ -> K-D° -> jT/) _ e ig VcftV^V^Vu 8 1^1 
- -» K-f) e*~ s V ub V* cs V* ud V cs \A\ 

Noting that 



(18) 



A x = JBr{B- ^K-(D°,D°)^K-f), 



A 2 = J Br(B~ — ► D°K-)Br(D° — > /) cx |-4V cfe V*,,V us V 



cti I 



A 3 = VBr(B--^S°iif-)Br(S -^/)oc|^V^V^Vi <i V cs | J (19) 

we can draw a triangle whose base is A\ and the two sides are given by A2 and A3. Eq. (|l 
gives the angle at the top of the triangle: 



7r — are 



+ 5-5 (20) 



The same analysis for B + decay leads to the determination of ^3 + 5 — 5 so both ^3 and the 
relative strong interaction phase 5 — 5 can be determined. 

4. Determination of fa with B® — ► DfK^ decays 

Both i? s — > DfK T and — > DfK T exist and there will be CP asymmetry which is 
expected to lead to information on fa. We start be denoting relevant amplitudes: 
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(21) 



where 5± are stong phases, A± are the magnitudes of the matrix elements. 

q Bs A(B S -» D+K-) = f^Vts V*usVc b A + 
p Bs A(B S DfK- ) e i5 - V«,V? S V cs V* ub A- 



v t6 v* s v cs v; b v cb v* cs v cs v* ub 

v* s v cs v; fe v ud 

— e _i * 3 (23) 

QB S A(B a -> D+JT-) = J- i(tf _i.)-^ (24) 

Using Eq. (||), the right hand side of Eq. ( p5|) can be written as Using the time dependence sim- 
ilar to Eq. @, we can obtain both the magnitude and the phase of ^|^ s Z^+^-j • Similarly 
we can obtain the magnitude and the phase of 

q Bs A(B S -» e iS ~ V* 6 V ts V ufe V* s 



(25) 



-4+ 



Thus d>* can be determined. 



5. Summary 

The time has come to perform a serious test of the KM ansatz for CP violation. To see if the 
unitarity triangle is actually a triangle is the next step. For this purpose we should be careful 
in deriving the expression for asymmetry in terms of three angles of the unitarity triangle. A 
useful rule is to always make sure that the asymmetry is indeopendent of phase conventions. We 
have reanalyzed processes known to yeild information on 03. Asymmetries for B°, B° — > DK$ 
decays are shown to yield information on 02 — 01, and not on 20i + 03 as previously stated. The 
other modes analyzed yield information on 03 as expected. 



Acknowledgments 



The author's research is supported by Grant-in Aid for Special Project Research (Physics of 
CP violation). I thank T. Kurimoto, Y. Okada, K. Ukai, and M. Yamauchi for useful discussions. 



References 



1. 



SLAC-PUB-8904 |hep-ex/0 10701^ ; KEK Preprint 2001-50, Belle preprint 2001-10 , jEep- 



ex/0107061 



2. C. D. Lii, K. Ukai, and M. Z. Yang, Phys. Rev. DD63 074009 (2001). 

3. H.R. Quinn and A.E. Snyder, Phys. Rev. D48 2139 (1993) 



4. I. I. Bigi and A. I. Sanda CP Violation Cambridge, Cambridge University Press (1999). 

5. F. J. Gilman, K. Kleinknecht, and B. Renk, Review of the CKM Quark Mixing Matrix in 
the 2000 Review of Particle Physics of D. E. Groom et ai, Eur. J. Phys. C15, 110-114 
(2000). 

6. D. Atwood, I. Dunietz and A. Soni, Phys. Rev. Lett. 78 3257 (1997). 



